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ABSTRACT 
Ease of use 1s the primary concern of any computer system. If the 
system's hardware needs are evaluated properly, Implementation 1s made 
that much easier and 1n the long run less costly. Software needs must 
also be considered. As well as the hardware, the system must be 
evaluated properly to best maximize the machine's potential as well as 
the programmers'. It 1s therefore feasible to spend time up front 
evaluating these needs so as to achieve the best possible 
performance. This thesis does just that; 1t evaluates the hardware 
and software requirements for a reboller/condenser experimental 
apparatus and proposes, designs and implements a computer based system 
that best fits Its needs for complete experimental evaluation. 
INTRODUCTION 
INTRODUCTION 
Finding the proper hardware and software to fit a particular 
experiment or for that matter any data acquisition system, usually 
requires an extensive amount of research Into all the possible systems 
available on today's market. This paper 1s not a method for the 
selection of hardware and software 1n general, but deals more with the 
designing of the hardware and the software to best fit the 
experimental objective. This objective being to create a user 
friendly system capable of performing all functions necessary to best 
understand and evaluate the experiment. Therefore with objective 1n 
mind, this thesis will deal with the development of all the 
application programs necessary to produce a productive and Informative 
computer-based system. 
The experimental objective Is to reduce the overall temperature 
difference 1n the Reboller-Condenser and consequently the main air 
compressor power requirements. More specifically, to understand the 
complex heat transfer and fluid flow phenomena. 
BACKGROUND INFORMATION 
BACKGROUND INFORMATION 
The principle method of studying both boiling and condensing heat 
transfer coefficients will be the Gradient Method. This method 
involves the measurement of the surface temperature distribution 
around the entire periphery of a solid wall participating 1n heat 
transfer between two fluids, followed by numerical or analytical 
solution of Laplace's equation for the temperature distribution within 
the wall (steady-state heat conduction). Thick walls are used to 
obtain measurable temperature differences. It 1s sufficient to 
measure temperatures at a finite number of points just below the 
surface temperatures. This procedure defines completely the thermal 
state of the wall. Knowing the thermal conductivity of the wall local 
heat fluxes can be calculated and heat transfer coefficients defined 
at all points on the fluid/solid boundary. 
DESIGN SPECIFICATIONS 
SYSTEM DESIGN 
Design of the system was meant to be simple yet functional. It must 
acquire data, display 1tt graph 1t, manipulate 1t and report 1t all 
within the required specifications. Other enhancements, such as 
control and Intercomputer communications are Important entitles but at 
this time, entirely unnecessary. Primary concern 1s 1n acquiring the 
data and reporting 1t accurately. However, the system must be 
designed to be expandable and flexible 1n case priorities change as 
time goes on. Figure 1 gives a conceptual Idea of what Is needed. As 
for operating systems, a multi-user system would be Ideal, but not 
entirely necessary. A system having a capability of 
foreground/background would function just as well. 
1. CRT: 
Must be capable of high resolution graphics which are clear, neat 
and precise. Also should be able to provide copies of screen. 
2. PRINTER/COPIER: 
One which 1s capable of listing programs and data tables 1n 
various type sizes and also be able to copy Images from a CRT. 
Should also be able to double as a console for data and program 
Input. 
DATA 
COLLECTION 
COMPUTER/ 
EXPERIMENTAL 
, APPARATUS 
INTERFACE 
DATA 
MANIPULATION GRAPHICS 
PRINTER/ 
COPIER 
CONTROL 
FIGURE 1: TYPES OF MODULES NEEDED 
3. COMPUTER/EXPERIMENT INTERFACE: 
The primary purpose of this module 1s to provide a way of. 
communicating or Interfacing the experimental apparatus with the 
computer. This Interface must be capable of passing valid and 
reliable data at a high rate of speed, 100 pts/sec from the 
experiment to the computer. It must have a real time clock, 
signal conditioning, analog 1n/out capabilities and digital 
1n/out capabilities. A precision of better than 0.1°F within a 
70° to 150°F operating range 1s a necessity, along with the 
capability of reading a 0-10 volt signal from 32 pressure 
transducers and seven (7) 0-5 volt flowmeters. 
4. DATA COLLECTION: 
Must be able to capture signals from the Interface board convert 
to proper units quickly and accurately. 
5. DATA MANIPULATION: 
Must be able to perform real-time calculations on collected data 
as per statistical package while still collecting data from the 
experiment without Interruption or decreased sample collection. 
6. GRAPHICS: 
Capability of drawing neat and precise plots, multiprogramming 
flexibility and also ability to be copied for reports or dumping 
general Information from the screen. 
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7. CONTROL: 
Not a primary factor at Initial onset of experiment, but 
capabilities must be there 1f control of temperature, flow or 
pressure 1s needed 1n future. 
8. DATA BASE: 
Capable of storing data from every run for manipulatory and 
comparatory applications. Must be stored In understandable and 
easily accessible fashion for quick and accurate retrieval for 
plotting and statistical analysis. 
9. LONG TERM STORAGE 
Transmission of data to larger system via modem or direct line at 
this time 1s not necessary, long-term storage can be kept 1n 
floppies. 
11 
FUNCTIONAL SPECIFICATIONS 
12 
FUNCTIONAL SPECIFICATIONS 
The functional specifications are listed below: 
A. NUMBER OF TERMINALS: 
Presently only 2 terminal ports are necessary, one for a CRT and 
the other for a prlnter/hardcopy device. 
B. AVAILABILITY 
System must be dedicated to process because of data acquisition 
speeds necessary and display needed. Interruptions of a shared 
system would slow down responses. 
C. RESPONSE TIME: 
Instantaneous response time for data acquisition with a time of 
no greater than 1 second for displays. 
D. COMPUTATIONAL FACILITIES: 
Isolated office with air conditioning will be established due to 
need for computer to be set functionally close to experiment, 
which 1s built 1n a high-bay multi-experimental area. 
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E. FILE STORAGE CAPABILITIES: 
Must be able to have capability of storing data for 1 years' 
running. 
F. RELIABILITY AND MAINTENANCE: 
Must be a proven system on market for several years, do not want 
to be a test site for new system. Must be easily maintainable by 
user or knowledgeable person quickly with component boards that 
are easily acquired. System should also be upgradeable to expand 
with latest proven technological advances 1f so deemed necessary 
for user. 
14 
HARDWARE SPECIFICATIONS 
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HARDWARE SPECIFICATIONS 
Due to the sensitive nature of the experiment Itself, the hardware 
must be fast, accurate and reliable. Since the major thrust of the 
experiment deals with studying temperature gradients, the 
thermocouples constitute the greatest area of concern. There will be 
approximately 136 thermocouples and what 1s needed 1s a precision 
greater than 0.1°F within a range of 70° to 150°F plus a scanning rate 
of greater than 100 points/second. It was calculated that the 
temperature differences between the boiling and the condensing 
passages during some runs would be small enough that a 0.1°F error 1n 
the thermocouple readings would produce a undesirable error of 5%, 
hence the need for extreme accuracy. The speed, however, 1s needed to 
"Freeze" a picture of the columns such that the scanning rate becomes 
faster than the bubble rise so as to best minimize the temperature 
differences between the air bubble and the liquid phases. In 
addition, 32 pressure transducers and 7 flowmeters will be Interfaced 
Into the system. Pressure transducers will be operating In the 14.5 
to 70 psla range with a signal output of 0 to 10 volts. Flowmeters 
will range from 0 to 5 gpms with a signal output of 0 to 5 volts. The 
computer chosen should allow for concurrent data acquisition and 
reduction, real-time graphics and printed reports. Figure 2 shows an 
engineer's conception of a tentative scheme for automatic data 
acquisition. 
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FIGURE 2; TENTATIVE SCHEME FOR AUTOMATIC DATA ACQUISITION 
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HARDWARE SELECTION 
Of the five (5) systems considered, only one really stood out as being 
reliable, accurate and fast, Analoglc's FOCUS 5020 system. This 
system combined the expertise of Digital Equipment Corporation (DEC) 
mini-computer with the reliability of Analoglc's A/0 cards. Both well 
proven 1n their respective fields, DEC'S pdp 11/23 uses a multi-user 
operating system which allows for concurrent data collection and 
reduction. Analogic on the other hand has quite an extensive 
selection of A/D cards along with a "ANALIB" library or Fortran 
callable subroutines which provide an easy way of Interfacing their 
cards to the user's application programs. As for the other systems: 
MASSCOHP -   Although the machine appears to meet all the hardware 
needs and appears on paper to be the best machine 
available, the fact that 1t 1s new and therefore really 
untested warrants a look at other machines which may be 
a trifling slower but more reliable. 
IBM 9000     Far too slow for what 1s needed for this particular 
system. 
19 
ANALOG DEVICE Excellent A/D quality boards but their operating 
system, although multi-tasking, does not give to 
multi-using 1n the sense that 1f any changes need to be 
made to a program the entire system must be shut down 
to change 1t even though only one (1) task needs 
correcting. 
DIGITAL EQUIPMENT  Excellent computer equipment and operating system 
but really lacks the A/D front end equipment 
necessary for this project. 
Figure 3 shows the 5 types of systems looked at and what each one had 
to offer. 
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SYSTEM SOFTWARE MEMORY STORAGE A/D TIME ENHANCEMENTS 
32 BIT CPU 
UNIX FORTRAN AT 12 BITS SOFTWARE 
MAS5C0MP BASIC 6 MEG 1 MEG FLOPPY 1 MILLION PACKAGES GRAPHICS 
PASCAL 20 MEG WINCHESTER SAMPLE/SEC ASSORTED A/D, D/A 
CARDS 
5 1/4" ON 8" AT 12 BITS GRAPHICS HATH/ 
128K RAM FLOPPIES 30 SAHPLES/SEC/ STATISTICS 
IBM 9000 BASIC PASCAL 128K ROM 4 DRIVES CHANNEL LIBRARIES UP- 
MAXIMUM 4 CHANNELS GRADABLE 
ASSORTED A/0, D/A 
ANALOGIC RSX11M FORTRAN 1 MEG FLOPPY AT 16 BITS CARDS USER DATA 
7] MACRO 12BK WORDS 20 MEG WINCHESTER 100,000 SAMPLES/ 
SEC% 
ACQUISITION 
LIBRARY 
5 1/4" FLOPPIES AT 12 BITS 
MACBASIC3 1MEG 10 MEG WINCHESTER 33,000 SAMPLES/ ASSORTED A/D, D/A 
ANALOG DEVICES MP/M-86 
SUBSET OF CPM 
SEC AT 16 BITS 
200 SAMPLES/SEC 
CARDS 
DIGITAL EQUIPMENT RSX11M 256K WORDS 8" FLOPPIES MUST USE OTHER 
CORPORATION FORTRAN 77 20 MEG WINCHESTER SIGNAL COLLECTION GRAPHICS 
PDP 11/24 MACRO VENDOR 
FIGURE 2: AVAILABLE TYPES OF SYSTEMS STUDIED 
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SOFTWARE SPECIFICATION 
Figure 4 shows a tentative general application overview of the 
software needed at the onset of the project. 
1. STORE DATA - by means of data acquisition software, opening the 
file and placing the data 1n some logical sequence. 
2. REDUCE DATA - allows user to select amount of data to be sampled 
by providing an averaging prior to storage. 
3. PERFORM MINOR CALCULATION - need to further reduce data to a 
single value for display and to aid 1n smoothing out all 
extraneous values. 
4. DISPLAY DATA - provide the user with a quick way of evaluating 
the experiment's present status and run conditions. 
5. PERFORM COMPLEX CALCULATIONS - to provide additional number 
crunching capabilities once run 1s complete and 1f need be, 
supply this service 1n real time. 
6. GENERATE REPORTS - hard copy capabilities and listing data in a 
well-formatted mode. 
23 
FIGURE 4: GENERAL APPLICATION OVERVIEW 
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A 
7. GENERATE PLOTS - capabilities of plotting any or all variables 1f 
requested. 
8. TRANSMIT DATA TO MAINFRAME - capability of getting data to AMDAHL 
V780 for a broader distribution of data by Inclusion Into the 
main database stream. 
9. PERFORM ADDITIONAL CALCULATIONS - provide a well documented file 
naming scheme to allow retrieval of any run made thus allowing a 
check of all calculations to be performed. 
To best meet the needs of the user 1n giving them the capability of 
performing all the above functions 1n a user-friendly system, 1t was 
felt that a menu-type display would offer the flexibility and the 
expandability with the least amount of downtime and programmer 
Interference. With this 1n mind, the overall scheme of things 1s to 
have the menu always made available to the user, such that after a 
selection has been made the menu will return to allow the user the 
capability of selecting another program should he so desire. The 
program written to perform this function 1s appropriately titled 
DISPLAY. 
To best give the thought process Involved 1n creating the programs 
that were written, each mode from the application program overview 
will be discussed and then shown which corresponding programs were 
25 
mated to them. A more detailed explanation of what each program does 
and how they are Intertwined will be discussed 1n the following 
pages. 
For storing of the data 1t was thought that there should be a unique 
file name generated by the computer yet 1n some way easily retrieved 
and remembered. The Idea of using the date and time offered the best 
possibility since both were easily accessible via the computer. 
Therefore, when the STORE program 1s Initiated, 1t automatically 
creates and opens a file based on the date and time. 
Reduction of the data takes place 1n two (2) programs STORE and 
REPORT. Software will allow the averaging of up to 25 reads prior to 
the writing of the data to the disc. REPORT (on the other hand) 
averages all the data stored to produce one (1) number for each 
variable. 
Performing minor calculations 1s again done 1n the STORE program when 
data 1s converted to the proper units of measure prior to Its' disc 
writing. 
Displaying data 1n real-time necessitated creation of flow diagrams 
which would give not only a system overview but also a picture of the 
critical levels 1n the test section. These programs are appropriately 
labeled TOTAL SYSTEM and TEST SECTION. 
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Performance of more complex calculation occur 1n the REPORT and-SPLINE 
PROGRAMS where rate averages and heat transfer equations are 
calculated. 
Reports are generated on the printer 1n both the REPORT, which gives a 
tabular display and SPLINE PROGRAMS which produces a comparative data 
display. 
Plots and graphs were created for both the CRT and printer. This dual 
capability allows the user the convenience of viewing data for quick 
analyses or having the plot dumped to the printer for monthly reports 
or slide presentations. There was also a trending program created as 
a way of allowing the user to keep tabs of the critical temperature 
levels of the test section, aptly named TREND. The plotting programs 
are named PLOT and SPLINE PLOT which produces graphs of the test 
section and raw data vs. spline data respectively for either boiling 
or condensing passages. 
Transmission to the mainframe, when Instituted, will be done via the 
Remote Job Entry (RJE) software presently running on other DEC PDP's. 
The following pages contain the flow diagrams and a picture of the 
Input/Output (I/O) of each program requested. 
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DISPLAY (DIS)*   - Places the menu on the screen to allow the user 
access to the available programs. Each program 
1s a separate entity, no two programs are linked 
together to run at the same time. Each can be 
removed/replaced without affecting the overall 
working scheme of the Display program. Figure 5 
shows the screen Input which appears when this 
program Is requested. Display was produced 
using Digital Equipment Corporation software 
package FORMS EDITOR (FED) which allows for full 
screen I/O. Figure 6 shows a flowchart of the 
display program. 
TOTAL SYSTEM (DW1) & TEST SECTION (DW2) - These two programs display 
real time data 1n a flow diagram and table 
diagram Figures 7 and 8 respectively. They both 
are composed of two separate programs one which 
draws the forms and the other which gathers the 
data and updates the screen thus eliminating the 
need for continual screen drawing. Figures 9 
and 10 show the flow charts for both types of 
*Three letter mnemonic to allow running of program by just typing 
those letters. 
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AVAILABLE DISPLAYS FOR 
REBOILER/CONDENSER SYSTEM 
1. TOTAL SYSTEM 
2. TEST SECTION 
3. STORE DATA 
4. TREND DATA DISPLAY 
5. STOP DATA COLLECTION 
6. EXIT 
7. PLOT UP DATA 
8. SPLINE DETERMINED 
9. REPORT GENERATION 
FIGURE 5:  DISPLAY PROGRAM 
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DRAW 
FORM ON 
SCREEN 
FIGURE 6:  DISPLAY PROGRAM FLOWCHART 
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T XX.XX 
P XX,XX 
F.XX.XX 
COND- 
ENSER 
T XX,XX 
P XX,XX 
F XX.XX 
T XX.XX 
P XX.XX 
T XX.XX 
P XX.XX 
I AA.AA   S~\ 
P-XX.XX /1-.-V 
F XX.XX 
T XX.XX 
P XX.XX 
T XX.XX 
P XX.XX 
T XX.XX 
P XX.XX 
F XX.XX 
F XX.XX 
CONDENSATE 
TANK 
T XX.XX 
P XX.XX 
F XX.XX 
COND- 
ENSER 
12 
T XX.XX 
P XX.XX 
T XX.XX 
P XX.XX 
F XX.XX PUMP 
FIGURE 7: TOTAL SYSTEM LIVE DATA DISPLAY 
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PRESSURE 
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BOILING 
FLUID 
TEMP 
XX.XX 
WALL 
TEMP 
XX.XX 
XX.XX XX.XX XX.XX 
xx.xx XX.XX XX.XX 
XX.XX XX.XX XX.XX 
XX.XX XX.XX XX.XX 
XX.XX XX.XX XX.XX 
XX.XX XX.XX XX.XX 
XX.XX XX.XX XX.XX 
XX.XX XX.XX XX.XX 
XX.XX XX.XX XX.XX 
WALL 
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XX.XX 
XX.XX 
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XX.XX 
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XX.XX 
XX.XX 
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DD-MMM-YY      HH:MN:SS 
FIGURE 8:  TEST SECTION LIVE DATA DISPLAY 
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START 
DRAW 
SCREEN 
NO 
CALL UP 
DATA UPDATE 
PROGRAMS 
YES WAIT 5 SEC 
FOR I/O TO 
FINISH 
CALL UP 
DISPLAY 
PROGRAM 
STOP 
FIGURE 9: TOTAL SYSTEM/TEST SECTION FLOWCHART 
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START 
READ TEMPER- 
ATURES, 
PRESSURES, 
FLOWS 
CONVERT SIGNALS 
TO 
PROPER UNITS 
WRITE 
DATA TO 
SCREEN 
STOP 
FIGURE 10: DATA UPDATE FLOWCHART FOR TEST SECTION/TOTAL SYSTEM 
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programs. Both programs can be terminated by 
striking the return key thus Initiating the 
Display program. 
STORE (STR)   -   Opens the file for data storage by creating a 
unique naming scheme using both the date and the 
time. The file name takes the form - 
01JAN831Q.D03. It will also allow the user the 
choice of averaging up to 25 analog reads before 
writing the value to the file. Program will 
continue collecting data until the STOP program 1s 
Initiated. Figures 11 and 12 show the screen 
Input and the flowcharts respectively. 
STOP (SST)    -   Program sets an event flag which Informs the STORE 
Program to cease data collection. Figures 13 and 
14 show the screen I/O and flowcharts 
respectively. 
COPY (CPY)    -   Allows user to get a copy of system flow diagram 
along with current values. This program 
essentially dumps picture from the CRT to the 
printer. Figure 15 show the flowchart for this 
program. 
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HOW MANY POINTS TO BE AVERAGED (MAX=25)? 
FIGURE 11: STORE PROGRAM (CRT) 
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INITIALIZE 
VARIABLES 
CREATE 
FILE 
NAME 
/READ # OF/ 
/POINTS TOT 
^BE/VERAGED/ 
CALL UP 
DISPLAY 
PROGRAM 
READ 
SIGNALS 
CONVERT 
SIGNALS TO 
PROPER UNITS1 
AVERAGE 
VALUES 
WRITE TO 
DATA STOR-y 
AGE FILES 
NO 
FIGURE 12: STORAGE PROGRAM FLOWCHART  IST0P   ) 
37 
NO QUESTIONS 
SETS STOP FLAG 
FIGURE 13: STOP PROGRAM CRT 
38 
START 
INFORM STORE 
PROGRAM TO 
HALT 
CALL UP DISPLAY 
PROGRAM 
STOP 
FIGURE 14: STOP PROGRAM FLOWCHART 
39 
NO 
START 
YES 
SET UP PRINTER 
FOR SPECIAL 
GRAPHICS 
SEND SIGNAL TO 
CRT TO DUMP 
CALL UP 
DISPLAY 
C STOP  J 
FIGURE 15: COPY PROGRAM FLOWCHART 
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TREND (TRN) Follows the thermocouple values for a specified 
level 1n the Test Section by plotting their 
temperatures with respect to a specified time. 
The four (4) values plotted are the Boiling Wall 
and Fluid temperatures and the Condensing Fluid 
and Wall temperatures at that particular level. 
There are 10 levels on the five (5) foot high 
column from which to select. This will mainly be 
used for determining equilibrium 1n the system. 
Figures 16 and 17 show the screen I/O and the 
flowcharts respectively. 
PLOT (PLT) Gives a screen and hardcopy plot of the Test 
Section data once run 1s complete. It will plot 
the four {4) columns of data values associated 
with the Test Section again, the Boiling wall and 
Fluid and the Condensing Wall and Fluid 
temperatures vs. column height. Figures 18 and 19 
show the screen Input/output and the flowcharts 
respectively. 
SPLINE (SPL) Performs a cubic spline using least squares with 
variable knots on one of the four (4) Test Section 
array of values. User has the choice of each 
41 
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FIGURE 16:    TREND PLOT OF TEMPERATURE VS.  TIME 
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(START     ) 
IEAD VARIA-/" 
'BLES WANTED 
AND TIME / 
INTERVAL / 
i   ' 
DRAW AXIS 
ON 
SCREEN 
? 
READ 
PROPER 
SIGNALS 
I 
SEPARATE 
SIGNAL 
WITH 
CONSTANT 
WAIT PROPER 
TIME 
INTERVAL 
CLEAR 
SCREEN 
YES CALL 
DISPLAY 
PROGRAM 
STOP 
FIGURE 17: TREND PROGRAM FLOWCHART 
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FIGURE 18: TEST SECTION PLOT OF THERMOCOUPLES 
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( START J 
DETERMINE 
VARIABLES TO 
BE PLOTTED 
T 
PLACE CRT IN 
PLOT 10 MODE 
INITIALIZE 
GRAPHICS 
RESET 
SCREEN 
CALL 
DISPLAY STOP 
FIGURE 19: PLOT PROGRAM FLOWCHART 
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SPLINE DETERMINATION 
COLUMN HEIGHT (IN) RAW DATA SPLINE DATA 
0.0 70.0 70.1 
3.0 70.2 70.1 
6.0 70.2 70.3 
9.0 70.4 70.3 
12.0 71.4 71.0 
15.0 72.3 72.0 
18.0 70.9 72.1 
21.0 73.0 72.4 
24.0 73.3 73.0 
27.0 74.0 73.4 
30.0 73.7 73.4 
33.0 72.8 73.0 
36.0 73.0 72.8 
39.0 73.1 72.9 
42.0 72.2 72.5 
45.0 72.0 72.2 
48.0 71.9 72.0 
51.0 71.8 71.8 
54.0 71.6 71.7 
57.0 71.7 71.5 
60.0 70.8 71.3 
FIGURE 20: SPLINE DETERMINED DATA 
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FIGURE 21: SPLINE PROGRAM FLOWCHART 
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selection made for spline determination. 
Figures 20 and 21 show the screen I/O and the 
flowchart respectively. 
SPLINE PLOT <SPT)  -   Plots raw data and spline approximated data 
vs. column height, on CRT and also dumps a 
copy to the line printer. Figures 21 and 22 
show the screen Input/output and the 
flowcharts respectively. 
REPORT DATA (RPT)  -   Averages all the data collected and stores 1t 
1n a separate file for other programs to work 
on. It also dumps to the line printer a 
report of the experimental run. This report 
1s broken down Into two phases, Figure 24 
contain the system data and Figure 25 show 
the Test Section data. Figure 26 shows the 
flowchart for this program. 
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RE80ILER/C0NDENSER EXPERIMENT 
DATE RUN-10-MAR-83 RAW FILE NAME      10MAR8310.D45 
AVERAGED FILE NAME      10MAR8310.A4 5 
RE80ILER: 
TEMPERATURE      XX.XX     PRESSURE     XX.XX 
CONDENSER #1 
TEMPERATURE      XX.XX     PRESSURE     XX.XX     FLOW     XX.XX 
PUMP #1: 
TEMPERATURE      XX.XX     PRESSURE     XX.XX     FLOW     XX.XX 
SEPARATOR: 
TEMPERATURE      XX.XX     PRESSURE     XX.XX 
HEAD COLUMN: 
TEMPERATURE      XX.XX     PRESSURE     XX.XX 
CONDENSATE TANK: 
TEMPERATURE      XX.XX     PRESSURE     XX.XX 
PUMP #2: 
TEMPERATURE      XX.XX     PRESSURE     XX.XX     FLOW     XX.XX 
FIGURE 24:  REPORT DATA PAGE 1 
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TEST SECTION: 
FLOW LINE #1 XX. XX FLOW LINE #2 XX. XX 
UPPER LEFT PRESSURE XX.XX UPPER RIGHT PRESSURE XX.XX 
LOWER LEFT PRESSURE XX.XX LOWER RIGHT PRESSURE XX.XX 
TEMPERATURES: 
FLUID 
XX .XX 
XX .XX 
XX .XX 
XX .XX 
XX • XX 
XX XX 
X.J <x 
XX XX 
XX XX 
XX XX 
XX XX 
XX XX 
XX XX 
XX XX 
WALL 
XX. XX 
XX.XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX.XX 
XX.XX 
XX. XX 
XX. XX 
X.XX 
WALL 
XX. XX 
XX. XX 
XX.XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
FLUID 
XX. XX 
XX. XX 
XX.XX 
XX.XX 
XX.XX 
XX.XX 
XX.XX 
XX. XX 
XX. XX 
XX. XX 
XX. XX 
XX.XX 
XX.XX 
XX. XX 
FIGURE 25:  REPORT DATA PAGE 2 
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IMPLEMENTATION PROBLEMS - FURTHER CONSIDERATIONS 
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PROBLEMS AND FURTHER CONSIDERATIONS 
Since the accuracy of temperatures wanted was 1n the 0.1°F range, a 
problem arose as to how to best calibrate the thermocouples 1n a 
accurate and expedient manner so as to be reproducible at a future 
time. The main concern was 1n maintaining stability 1n the 
calibration apparatus. 
Method used for Internal card calibration was the one set In the 
literature for the FOCUS 5020 system. Essentially this method 
calibrates the thermocouple cards by Internally suppling a 0 voltage 
for offset adjustment and +3/4 voltage of full scale for the gain 
adjustment. It also allows for the capability of adjusting the Zero 
Compensation should 1t be necessary. 
Once the thermocouples were Interfaced to the computer a second form 
of calibration took place. They were checked at 0°F and 212°F using a 
slurry 1ce bath for the zero calibration and a flask with a condenser 
attached to calibrate the boiling temperature. There were 24 system 
thermocouples Initially calibrated. Packets of four (4) were placed 
1n a l2-1nch glass tube and filled with oil. They were all Immersed 
1n the 1ce bath at the same level and correspondingly the zero offset 
POD was adjusted for each thermocouple. They were then Immersed 1n 
the boiling water and the Gain POD was adjusted. Boiling Freon which 
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has a boiling point of 74.8°F, was then used to check the m1d~po1nt 
range. The amount of error between these thermocouples was 0.3%. As 
for the test section, 120 thermocouples, where accuracy 1s more of a 
concern, Individual wells will be drilled Into an aluminum block and 
the entire block will be placed 1n the slurry Ice bath and 1n the heat 
and Freon baths. 
These methods are the ones which we adapted and will use to calibrate 
the thermocouples at a regular Interval. 
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SUMMARY 
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SUMMARY 
In Implementing and designing a data acquisition system several 
factors must be evaluated thoroughly. For this particular system, the 
experimental specifications determined the hardware needs, and the 
displays and amount of operator Involvement determined the software 
design. No off-the-shelf software packages existed that would meet 
the needs of the user. 
In reviewing the system specifications, the most critical and probably 
the most determining factors revolved around the accuracy of the 
thermocouple readings and the speed at which they can be accessed. 
Since the primary data 1s collected within a two (2) to four (4) 
minute time frame when equilibrium Is reached within the system, the 
speed and accuracy of the system then comes Into play. All heat 
transfer equations and hence modeling design are then based, upon this 
critical data collection period, so for any particular run, 
reliability of the machine 1s a must. The chapter on Hardware 
Specifications outlines the stringent requirements for the 
experimental apparatus. And the chapter on Hardware Comparisons goes 
Into the details of each system studied and what each had to offer. 
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Software design on the other hand has several factors which must be 
considered, all equally Important. Ease of operator use meant 
designing a system with which an operator can callup displays, run 
programs and have capabilities of dumping data to the printer all with 
a minimum amount of time and effort. It was with this 1n mind that 
the Idea of using a menu-type program selection appeared most 
feasible. By using this type of display an operator could see all 
programs available for use and therefore be able to access any one of 
them by merely striking a single key. 
The types of displays needed also Influence the program design. As an 
aid to start-up and leak checking, a flow diagram was created which 
updates the CRT screen every two (2) seconds. This allowed the 
operator the flexibility of Isolating problem areas within the system 
by allowing him the convenience of shutting appropriate valves and 
then watching the pressure or flow levels on the CRT. This display 
may then also double as a monitor of system performance during the 
runs themselves. Other displays Including graphs, and data tables 
were created to help reduce the amount of data confronting the user at 
one time; therefore helping 1n making for better and quicker decisions 
by the operators and/or engineers. 
Familiarity with the operating system of the computer, by the 
programmer, 1s also considered an Important point 1n designing 
software programs 1n that 1t aids 1n the speed of creating programs by 
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knowing the capabilities and limits of the machines. Time and effort 
then does not have to be spent 1n the training mode or also 1n trying 
to possibly create a type of program that simply cannot exist on that 
machine. It 1s therefore felt that the ease of use for this type of 
system blends for continued operator usage and maintainability while 
maintaining the flexibility 1n the programming design for the 
programmer. 
These are just a few of the reasons and thoughts that went Into 
creating this paper. A more detail description of the thought process 
and application programs can be found 1n the preceding chapters. 
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